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THE KSU ACOUSTIC SIMULATOR FOR RADAR STUDIES 
ABSTRACT %3b3 
The analogy between acoustic and electromagnetic waves 
has often been used to study one.type of wave in terms of 
the other. This report starts with a brief discussion of 
the basic ideas enabling the use of acoustic simulators for 
radar studies. This is followed by a detailed description 
of the acoustic simulator (OX underwater acoustic facility) 
available in the Department of Electrical-Engineering of 
this University. 
instrumentation that have been developed recently for the 
enhancement of the-neasurement capabilities. These allow 
greatez acausacy* better' amplifier- and.. transducer charac- 
teristics, provision for calibration references for obtain- 
ing quantitative $rather thanequalitative data, measurement 
of acoustic impedance of target materials, measurement of 
power in rapidly changing waveform-envelopes, etc. Improve- 
ments in other features like the target scanning mechanism 
are briefly touched upon. 
Special attention is given to the equipment and to the 
In addition to its use as a "scatterometer*l-i.e~, a 
device to measure and record the scattered power recerved 
from the target-the acoustic simulator can also be operated 
as an "imaging" device by using the return signal to modu- 
late the intensity of illuminationof @CRO beam and photo- 
graphing the trace. Detailed sub-system circuitry, system 
connections and operating instructions are given for both 
m o d e s  of operation. 
Report prepared by: Report approved by: 
- 
Department of Electrical Engineering Head of Department 
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1. INTRODUCTION 
The acoustic simulation of radar problems has been used 
increasingly in recent years as a tool for radar design and 
for experimental verification of scattering theories. 
basis for simulation is the vell~botan.analogy between acoustic 
and electromagnetic waves.. By-considering the pressure or 
The 
particle velocity of acoustic waves as the analog of the 
electric field.intensity in the electromagnetic wave, one can 
obtain analogous expressions for parameters of interest in the 
two casest (e.g. impedance, reflection coefficient, velocity 
of propagation, and so on). Thus the phenomena of propagation, 
reflection, refraction and scatter that are of interest in 
radar can be studied in the laboratory by means of an acoustic 
simulator. This simulation is made more convenient and econom- 
ical by the proper choice of frequency and medium of propaga- 
tion; ultrasonic waves in water are commonly used. It is 
easily shown that quantitative information (rather than merely 
qualitative analogy) can be gained by suitable scaling of 
frequency, range, impedanoe, or other parameters. 
The acoustic simulator functions as an analog device whose 
output, properly interpreted, yields valuable information re- 
garding the performance and capabilities of full-scale radar 
systems. 
are: (1) the speed with which results can be obtained, (2) the 
economy as compared to E u i i - s c a l e  experiments, and i 3 j  the com- 
plete repeatability of data upon target re-runs. 
Some important advantages of the acoustic simulator 
-1- 
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A number of Universities have built acoustic simulators, 
which are also called Under-Water Acoustics (UWA) facilities. 
One such simulator was built at KSU during 1964-1965 to facil- 
itate the study of reflection and scattering of electromagnetic 
waves. 
tinuous and pulsed radar.. Geometric shapes and rough surfaces 
have been constructed and are used as targets to produce back- 
scattering effects. Changes in components and electronics are 
being constantly incorporated to meet the needs of new problems 
to be studied. 
The acoustic simulator is designed to model both con- 
The purpose of this report is to provide the following 
information about the existing UWA facility: 
A. Identification of the acoustic simulator's 
equipment and capabilities; 
B. Functions of certain components of the 
acoustic simulator; 
C. Equipment connections, settings and 
operating instructions. 
Some of the modes in which the KSU acoustic simulator has 
been operated-and the problems that were studied-are listed 
below, but these by no means exhaust the simulator's possible 
applications: 
I, Backscattering Measurement Mode 
A. Frequency effects on backscatter. 
B. Layer and volume backscatter. 
C. Scatter from non-homogeneous acoustic targets. 
11. Imaging Mode 
A. 
B. Simulating side-looking radar systems. 
Developing images at different frequencies. 
. . 
2. ACOUSTIC SIMULATOR CAPABILITIES AND MODES OF OPERATION 
A typical radar experiment requires the measurement of 
backscattered power from a certain target for specified fre- 
quency, range and angle of incidence. In the acoustic simu- 
lator this experiment is duplicated by providing a source of 
acoustic power, a suitable medium of propagation, a target, 
and means for measuring and recording the backscattered power, 
as shown in the simplified diagram of Figure 1. Each of these 
components will be described in detail in the next section. 
It is sufficient to state here that the acoustic waves are 
generated in a large water-filled tank by means of an electro- 
acoustic transducer, which is driven by an electronic oscilla- 
tor. The transducer is capable of being moved in three 
orthogonal directions relative to the target. The target is 
made of a suitable material whose acoustic impedance and 
other characteristics are analogous to those of the actual 
target for electromagnetic waves. It should be mentioned 
that the preparation of accurate acoustic analogs for better 
quantitative results remains one of the problem area in which 
much work needs to be done; however, qualitative analogs are 
easily made and widely used. The backscattered acoustic 
pressure is sensed by another transducer, converted into volt- 
age, and read on an oscilloscope or some other indicating in- 
strument; alternatively, it can be recorded on a graphic level 
indicator or a magnetic tape. 
The echo signal received from a target is sometimes used 
to modulate the intensity of an oscilloscope beam while this 
-3- 
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sweeps across the face of the oscilloscope in step with the 
motion of the acoustic transducers across the target. When 
a number of successive sweeps are photographed on film, and 
the film developed, an "image" of the target is obtained. 
Thus the simulator can be operated in two modes, desig- 
nated the "Backscatter" and the "Imaging" modes respectively, 
as descrfbd above. 
the infonuation that can be obtained from a full-scale radar 
experiment, at far less expense. 
Each m d e  is capable of giving most of 
A fundamental limitation of the acoustic simulator is 
its inability to simulate polarization. This is of course 
due to the fact that acoustic propagation is a scalar phe- 
nomenon whereas electromagnetic waves are in general des- 
cribed by vectors. 
simulator cannot be used to determine, e.g., the vertically 
polarized component of a reflected wave when the incident 
wave is horizontally polarized, or vice-versa. 
this drawback, however, the simulator is a versatile and 
economic tool for many types of problems. 
As a result of this limitation, the 
Apart from 
3. THE ACOUSTIC SIMULATOR COMPONENTS 
The simulator consists of comercia1 equipment except for 
special purpose components, as described below, A block diagram 
is given in Fig. 2, 
A. Pulsed Oscillator - The high powered pulsed oscillator 
(PG 650-C, Model 2, Arenberg Ultrasonic Lab., Jamaica Plain, Mass.) 
is a variable frequency, pulse modulated radio frequency oscillator 
capable of delivering 300 volts peak-to-peak into a 93 ohm load 
resistor. 
width from 2 usec. to 100 Irsec. over a frequency range from 0.5 Me/ 
The oscillator can deliver output pulses that vary in 
sec. to 5 Mc/sec, The pulse width can be adjusted independently of 
frequency, except for low-frequency narrow-pulse combinations, where 
about 1 1/2 cycles is the minimum number of cycles per pulse. The 
minimum usable pulse width is determined by the bandwidth of the 
transducers in most cases. 
The oscillator can be operated from an internal or external 
trigger. 
operation, if desired. A PRF of 240 pulses/sec. is used for most of 
the experimental work. A trigger output with a variable time delay 
is available for synchronizing the type 555 test oscilloscope with 
the pulsed oscillator, 
An external trigger source can be used to obtain a periodic 
B. Transducers - All acoustic measurements are made by means 
of piezoelectric barium titanate transducers manufactured by Branson 
Instruments Mft., Standford, Connecticut. Five pairs of transducers 
covering the following frequency ranges'are available in the labora- 
tory: 0.7 Mc, 1.0 Mc, 1.6 Mc, 2.25 Mc, and 3.5 Mc; the measured 
beamwidths of these transducers are respectively 8 . 6O, 3. lo, 3 . 8O 
2,8O and 1.9O. 
and a receiver, designated by (ZT) and ZI) respectively. 
Each pair of transducers consists of a transmitter 
-6- 
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The surface of each transducer is a simple f l a t  disk.  
One surface of the disk  i s  exposed t o  the w a t e r ,  so tha t  the 
transducer acts l ike  a p is ton  source, w h i l e  the other surface 
is bonded t o  a high impedance lossy material to  reduce the 
mechankcal Q. For r e l a t ive ly  high frequencies,  the ac t ive  
f l a t  disk may be sevetal teas of wavelengths 
asrass; 
the in te r fe rence  pr inc ip le ,  
herzctr a directive antema pat tern  is o3tafned "ULcigh 
A transducer is a pressure sens i t i ve  device; consequently, 
it can be employed a s  an i n t eg ra to r  t o  determine the r e su l t an t  
pressure due to the plane wave components incident  on its sur- 
bace, 
d i r e c t i v e  gain of the transducer; the  transducer,  therefore, 
measures a partial  pressure selected from a group of plane 
waves t r ave l ing  i n  the d i rec t ions  prefer red  by the antenna 
pa t t e rn ,  The direction is, of course, determined by the orien- 
t a t i o n  of the transducers. The transducers i n  the  tank can now 
be rotated through an angle of 180° (due t o  improvements of the  
transducer mount) and can, therefore ,  be or ien ted  i n  the "best" 
d i r ec t ion ,  that y i e lds  a m a x b u m  received s igna l ,  
Each  plane wave component is weighted according t o  the 
C ,  Transducer Compensator - Functionally,  the transducers 
operate best a t  mechanica4 and electrical resonance. E l e c t r i -  
c a l l y  the  transducer appears t o  be a capacitor shunted by a 
s m a l l  conductance, Electrical resonance is, therefore, achieved 
by adding the  proper inductance i n  parallel t o  cancel t h e  t o t a l  
capac i t ive  reactance. Wiebout such compensation, the  l a rge  
capacitance of the  t r a n s d u c e r  cable w i l l  "pul l"  the  oscil lator 
frequency out  of the range! of frequencies marked on the  oscil- 
lator coils,  
. 
-9- 
I 
A transmitting transducer compensator has been constructed 
to obtain this resonance, so that the ultrasonic oscillator can 
see at any frequency a relatively non-reactive load. 
in maximum pulse amplitude and a better pulse shape are obtained 
with this compensator- 
variabre shunt inductances connected as shown in Figure 3. 
An increase 
Compensation is achieved by a group of 
9. Receiws - and Detectors 0 In Fig.- 2 it is shown that the 
reflected acoustic waves are intercepted by the receiving trans- 
ducer and converted there into an electrical pulse which is then 
transferred through an input attenuator, an input amplifier, a 
band-pass filter, a mid-aaplifier attenuator, and two wide-band 
amplifiers to the block marked "electronics", a unit to be dis- 
cussed in detail later. 
The input attenuator can provide from 0 to 20 db of gain in 
steps of 1 db. A modified Electro International AW-203 amplifier 
is employed asthe input amplifier and provides 37 db of gain; 
an integral part-of this amplifier is an attenuator providing 
40 db of attenuation in steps of 10 db. 
The band-pass filters can be set to any of the five trans- 
ducer frequencies; the filter's bandwidth varies from 110 Kc at 
the lowest frequency (700 Kcl to 300 Kc at- the highest frequency 
(3.5 Mc), A.circuit-diagram for the band-pass filter is given in 
Figure 4. 
The mid-band attenuator (L-pad structure) provides a total 
attenuation of 18 db in three steps of 6 db each; its circuit 
diagram is given in Figure 5. 
Hewlett-Packard wide-band amplifiers (460 AR and 460 BR) 
are used in the circuit; they can supply a gain of 20 db and 15 
db, respectively, when operated into a 200 ohm load. Each 
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amplifier has a frequenoy range of 3 Kc to 120 Mc. 
amplifier pulse output is limited to 3.5 volts peak when a 
positive input pulse is applied. The 460 BB amplifier pulse 
output is limited to-8 volts peak when terminated with a 200 
ohm load and a.positiue input-signa1.i~ applied. 
t h e - 4 6 0  AR amplifier may be.varied over a range of 6 db. 
The 460 AR 
The gain of 
Before examining the characteriskics of the block marked 
"Electronics!' on Figure 2, a quick lookat its basic design 
and a description of."how it works" are-perhaps in orderc, As 
shown in Figure 6*  the "electronics" is composed of the follow- 
ing: (1) recycle-gate generator, /2J amplifier gate generator, 
(3) gated amplifier,C4] detector, (5) video amplifier, (6) box 
car circuit, (7) relay logic circuitry (scale of four), (8) video 
. gate re'lpy, (9) horizontal sweep univibrakor, (10) vertical 
carriage step wivibrator. (11) a vertical scan relay circuit, 
and (12) video-, squarer and. integrator , 
The recycle gate generator (1) receives a delayed trigger 
from the pulsed oscillator+approximately 90 microseconds to 
240 microseconds before the received-R.F. pulse. The output of 
the recycle gate generator is a 40 microsecond pulse, whose dif- 
ferentiated trailing edge triggers the amplifier gate generator 
4 2 )  and also gets the boxcar circuit (6) ready for the reep%fdn 
of the next received ref. pulse by discharging a capacitor in the 
boxcar circuit, The amplifier gate generator establishes a posi- 
tive gate pulse variable in length from 100 microseconds to 400 
microseconds (this Imger gzte length being reqaized fc?r the 
larger angles of incidence during backscattering measurements) 
that triggers the gated amplifier just before it receive's the 
g s  4 a  
1 I- ----- 
I I 
rr 
2 
W 
+ i
A 
! 
L---  
T 
u h 
0 
c, 
a? 
m + 
I 
$- 
n 
2 
v 
r' 
n a 
a? 
b 
L c 
0 x 
x m  
...I a 
r: 
0 
0 
. -15- 
R,F.  output pulse  from the RCVR 460 BR amplif ier ;  the d i f f e r -  
e n t i a t e d  leading edge of the  negative ga t e  pulse  is used t o  
t r i g g e r  beam 1 of the 555 oscil loscope. 
two units (recycle ga te  generator. and amplif ier  ga t e  generator) 
are shown.ia Figure 3. Also, Pigure.8.shovs the time sequence 
of these . tx igger ing  pulses i n  the "electronics"  uni t .  
C i r cu i t s  for these 
Referring-again to Figure 6,  it can be seen t h a t  t h e  echo 
(R.F. inpuk:) -is. ampli-fied by -.gated amplif ier  (3) and then 
demodulated by the detec tor  ( 4 ) .  Detailed c i r c u i t s  for these 
are shown i n  Figure 9. The demodulated pulse i s  then amplified 
again i n  the video amplif ier  (5) and inverted,  as shown i n  
Figures 6 and.9. -This video-signal  drives a cathode follower 
which i n  tu rn  drives a video.-output-jack, For imagery experi- 
ments the, video- output.. is.-used to i n t e n s i t y  modulate the b e a m  
of t he  camera oscilloscope. For s o m e  backscattering experiments 
the video output can be applied d i r e c t l y  t o  the input  of t he  
boxcar c i r c u i t  ( 6 )  i n  order t o  produce an analog vol tage propor- 
t i o n a l  t o  the  peak value of the  received acous t ic  pulse. For 
other backscattering experiments the video output i s  applied t o  
a video squarer and in t eg ra to r  c i r c u i t  (12 ) ;  the output of t h i s  
latter c i r c u i t  them-drives the boxcar c i r c u i t  c6) t o  produce 
an analog voltage proportional t o  the mean square value of the  
received acoust ic  pulses.  The c i r c u i t  of the video squarer and 
in t eg ra to r  is shown i n  Figure 10. 
A holding capaci tor  of the  boxcar c i r c u i t  ( 6 )  samples the 
peak ampiirude of the  video p u i s e  and s t ays  charged until it is 
discharged by the next recycle ga t e  pulse. The analog output 
of t h i s  part  of the system is used t o  d r ive  the  graphic l eve l  
recorder. D e t a i l s  of t h e  boxcar c i r c u i t  are given i n  F i g u r e  11. 
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At the start of the forward motion (East to West) the 
horizontal carriage closes the East-end micro-switch in the 
relay logic circuit (7). T h i s  action energizes the video 
gate relay D, (81, which unblanks the osOilloscope by re- 
moving a short f r m  the video output jack; the energized video 
gate relay also triggers the' horizontal sweep univibrator (9).  
A differentiated output pulse from this*univibrator triggers 
the horizontal sweep of the camera scope. At the end of its 
westward motion the horizontal carriage closes the West-end 
logic micro-switch: the video gate relay then de-energizes to 
blank the oscilloscope during the carriage return and tp trigger 
the vertical carriage step univibrator (10). This actuates 
the vertical scan relay (111, thus lowering the transducer car- 
riage for the next horizontal traverse. 
for detailed circuitry for these units. 
See Figures 12 and 13 
For m o s t  backscattering experiments the action of the video 
gate relay D o m  be defeated by throwing the relay D switch on 
the electronics chassis to the "gnergized" position. 
The above description has shown in a bash manner how the 
- 
"electronics" functions as a receiver and detector package. 
It was designed, built and tested in the KSU Electrical Engineer- 
ing laboratory. 
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E. Recording Devices - The acoustic return (echo) data ins 
usually recorded by two methods, corresponding to the two "modes" 
of operation. 
oscilloscope camera. 
The first method is by use of an oscilloscope and 
The second method is by the use of a graphic 
level recorder. 
In the first method'., ("imaging" mode), detected return signals 
are applied to the external cathode ray tube (CRT) input of the 
Tektronix type 503 oscilloscope for intensity modulation, 
already explained in the section on electronics, the video gate 
relay D blanks the oscilloscope except during the forward motion 
of the carriage from East to West. 
of the carriage also starts the horizontal oscilloscope sweep. At 
the end of each horizontal scan, the transudcer mount is automatf- 
cally lowered a preset distance by the vertical scan unfvibrator 
and vertical scan relay. A vertical position helipot is coupled 
to the vertical motion by a gearbox which rotates the helipot 
As 
The forward horizontal motion 
shaft through 13 turns per inch during the vertical motion of the 
transducer mount. This shaft rotation establishes vertical separa- 
tion between traces on the 503 oscilloscope by applying a d-c 
voltage to the vertical input of the oscilloscope. 
A polaaosd camera loaded with 46-L film photographs each 
trace, thereby producing a positive slide with the image of 
the target. A series of runs at 0 . 8  Mc and 1.6 Mc have been per- 
formed on certain targets with reasonable results, but the re- 
cordings lack sufficient resolution and contrast. Improvements 
e 
-25- . 
in beam intensity adjustment, modulation depth, f i b ,  and camera 
are under consideration- To-make photographic recordings, z e v r  
to the equipment connections and settings section of this report. 
The second method of recording data, necessary when making 
backscattering.measumments, is hy-use of the General Radio type 
152f-A.graphbiJevel recorder- 
tance.oS 1000 ohms and fsdriven by a dyc analog voltage from 
the boxcar detector, 
volts, providing a maximum styluscdeflection of four inches on 
the chart. 
T h i s  recorder has an input resis- 
The voltage normally ranges from 0 to 0.8 
F.. Motor Control - All control.of the scanning mechanism 
is normally d0ne.from.a remote motor control b o x .  Approximately 
4.0 amperesof d-c current.from an EICo. (Model 1064) power supply 
unit are applied to the "start' and "raun" windings of each of the 
two a-c split phase motors to provide electrodynamic braking. 
This allows more accurate positioning of the transducers on tar- 
get areas to be examined. Circuit diagrams for the motor control 
box are shown in Figures 14 and 15. 
Referring to Figure 148 it can be seen that the horizontal 
run switch on the main motor control panel is open. 
this switch, 110 volts is applied to relay K-2 to energize the 
relay. The contacts of relay K-2 are shown on Figure 15 of the 
motor control relay circuitry. Thus closing the horizontal run 
switch allows the "run" and "start" contacts of relay K-2 to be 
released from their braking position and to make contact with 
the 110 volt line for operation of the run and start windings of 
the split phase a-c motor. This same horizontal run switch can 
also be actuated from the remote motor control box, 
Upon closing 
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The East-West (E-W) switch controls the direction of motion of 
the horizontal carriage. As shown in Figure 14, it is in the 
East position. When it makes contact with terminals 2 of relay 
K-1 it is in the West position. 
A similiar arrangement is used for the operation of the 
vertical scan motor, except that a "high-low" speed switch 
energizes rellay K-5 for change of the vertical scan speed. Limit 
switches are placed on both the horizontal and vertical scan 
systems to. prevent the transducers or the scanning carriage from 
being driven into the sides or bottom of the tank. 
G. The Tank - The tank is 5 feet wide, 6 feet long, and 5 --
feet deep. It is constructed o f  1/8 inch galvanized steel 
sheets. 
ruetingrand all corners and joints have been sealed with pitch 
to prevent water leakage. The approximate filling time of the 
tank is 35 minutes and the drain time is nearly 50 minutes. 
ing periods of experimenting, the water is usually left in the 
tank for three days to allow for the dispersion of some of the 
air bubbles, which would otherwise cause possible errors. 
The tank has been painted w i t h  aluminum paint to prevent 
Dur- 
H. Scanning Mechanism - The tank scanning mechanism (see 
Fig. 1) is built on a steel slide which is supported by wheels 
mounted on two parallel angle i w n  rails at the top of the tank. 
Thus the tank scanning mechanism can be placed at any desired 
distance from the target up to a maximum distance of 44 in. 
The scanning carriage is mounted upon the steel slide so 
that east-west motion is given to the s c a ~ ~ i n g  sarria.;e by an 
a-c split phase motor which is fixed to one end of the slide. 
Vertical motion of the transducers is obtained through another 
I 
I 
~ ~ 
~ ~ - _  - 
-29- . 
a-c split phase motor (rated like the first motor at 1/4 hop,, 
115 volts and 5.4 amps.) supported by the carriage and driving 
a vertical screw shaft. On this shaft ride the transducer 
mount, transducer vertical scan assembly, and a helipot box. 
Trso mechanical digital counters are installed on the scan- 
ning mechanism to indicate the position of the vertical and 
horizontal scan motions. 
counter driven by the vertical motor run winding indicates the 
number of scans made across the target during an imagery experi- 
ment. The circuit of this counter is shown in Fig. 16. 
An electrically operated digital 
I. Targets --The targets used in the tank usually range 
in sizes from 9" X 8" X 1/32" to 48" X 48" X 3/4". They are 
made from different materials and in different shapes, as re- 
quired for particular experiments. 
The acoustic simulator has often been used to study the 
backscatter from rough surfaces. The rough surface is usually 
obtained by combining samples of sand, rock and gravel that have 
been sifted through U, S. standard sieves of the following sizes: 
1, 
2. 
3; 
4. 
5, 
6. 
7. 
8. 
9. 
Mesh Opening 
74 microns or 0.0029 inches 
149 microns or 0.0059 inches 
297 microns or 0.0117 inches 
595 microns or 0.0234 inches 
1.19 mm or 0.0469 inches 
2.38 nun or 0.0937 inches 
4.76 mm or 0.187 inches 
9.51 mm or 3/8 inches 
19,o mm or 3/4 inches 
* -  
Mesh No. 
200 
100 
50 
30 
16 
8 
4 
- 
- 
P, 
E 
p: c 
v 
E 
S 
0 
V 
6 u 
-~ ~~ ~ ~~ 
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Other matericdsused to provide rough surfaces are wood and 
bombarded a l d n u m  sheets. An inverted "Y" made of linoleum and 
mounted on a polished aluminum sheet has been used to provide a 
simple geometric target for imagery experiments. 
T h e  above materials are usually applied to a plywood base, 
by using Weldweed waterproof resorcinol glue. Because of loss 
of manbum return signal due-to warping of the wooden targets, all 
targets have now been supported.by an aluminum sheet of 1/8 inch 
thickness, 
a one inch diameter steel pipe that hangs across the top of the 
tank. At present there are no other means built in the tank to 
support the targets and keep them from vibrating. 
These experimental targets are suspended by hooks from 
The air-water interface is used as a target for calibrating 
purposes. 
of air and water, t h i s  interface acts as a plane surface with a 
reflection coefficient of nearly unity. 
Due to the great-difference in the acoustic impedance 
~. - . . 
4. EQUIPMENT CBECKLIST 
For backscattering measurements the following equipment must 
be turned on: 
A. Model 650A Test Oscillator 
B, Model PG-650-C Pulsed Oscillator 
C. Wide Band Amplifier AW-203 
D. 
E. Type 555 Oscilloscope With 53/54C and L Plug-in Units 
F. Electronics Power Supply PP-1386 
G. Brake Power Supply, EICo 1064 Power Supply 
H. Motor Control Box 
I. Graphic Level Recorder 
J. Sensitive D. C. Meter Model 95A 
Wide Band Amplifiers 460AR and 460BR 
For imagery experiments the following equipment must be 
turned on: 
A, 
B. 
C, 
Di 
E. 
F. 
G .  
H. 
I. 
J. 
K. 
Model 650A-Test Oscillator 
Model PG 650-C Pulsed Oscillator 
Wide Band Amplifier AW-203 
Wide.Band Amplifiers 460AR and 460BR 
Type 555-0scilloscope with 53/54C and L Plug-in Units 
Electronics Power Supply PP-1386 
Brake Power Supply, EICo 1064 Power Supply 
Motor Control Box 
Type 503 Oscilloscope 
Polaroid F 284 Camera mounted on Type 503 Oscilloscope 
Helipot Box 
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5 .  EQUIPMENT CONNECTIONS AND SETTINGS 
I. Connections and Settings for Imaging Mode. 
A. Model 650-A Test Oscillator (Hewlett-Packard) 
1. BNC cable to R.F. pulse input jack, electronics chassis. 
A 600 ohm load is required at the test oscillator. 
2. Output attenuator: 1.0 volt-0 db position. 
3. Frequency: As required by the e-xperhent, 
Bo Type 503 Oscilloscope (Tektronix) 
1. BNC cable, "external trig.-in" to "camera synd." jack 
of electronics. 
2. BNC cable, CRT external input to video output in 
electronics. 
3. Two banana plugs from + vertical input (doc.) to 
helipot box (red lead to ground). 
4. Vertical sensitivity: 1 volt/-, calibrated. 
5. Power: On but fully cw. 
6. Focus: Adjust for smallest spot. 
7. Intensity: Set at scribed mark. (A photocell system 
for more precise adjustment of intensity will be 
developed later.) 
8. Vertical Position: Trace should be approximately one 
inch from the top of the screen when the transducer 
scans the upper edge of the target. 
9. Horizontal Position: Trace should start approximately 
1/4 inch from the left edge of camera scope mask. 
10. Horizontal Display: Sweep normal (x, 1). 
11. Sweep time: 1 sec/aa and sweep time variable control 
(red knob) turned approxhately 30° from full cw 
position. 
-33- 
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12. Trigger level: Turned approximately 30° ccw from 0 
(zero) level (negative trigger pulses accepted). 
13. Trigger slope: Negative. 
14. Trigger coupling: A-C. 
15. Trigger source: External. 
C. Polaroid F-284 Scope Camera 
1. Shutter: T (time). 
2. Diaphragm (lens settings) : f/16, 
D. Model PG 650-C Pulsed Oscillator 
1. BNC cable, delayed triggers jack to "trig. in." 
jack, rear panel of electronics. 
2. R . F .  Output: 93 ohm load; VEfF cable to transducer 
compensator. (Presently, the 93 ohm load is con- 
nected as a 100: 1 attenuator, so that the output 
pulses of the pulse generator may be viewed, if 
necessary, on beam 2 (type L plug-in unit) of the 
555 oscilloscope.) 
3. Trigger: INTI 
4. Delay psec: 1lOa. 
5. PRF': 80 (240p/s). 
6 ,  R . F .  Delay: Out - 
7. Delay: adjust to receive return echo pulse within 
amplifier gate. 
8. High Voltage Adjustment: Adjust for experiment re- 
quirements. 
9, Pulse Length: Adjust for experiment requirements. 
10. Frequency: Adjust for experiment requirements, 
11. Coil: Determined by the frequency used. 
12. R . F .  Output Switch: OFF. 
. 
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E. Wide-Band Amplifiers (HP 460AFt & 460BR) 
1. 200 ohm cable, input 460AR amplifier to output 
mid-amplifier attenuator. 
2. 200 ohm cable, output 460AR to input 460BR. 
3. 200 ohm cable, output 460BR to R,F, pulse input of 
electronics. 
4. Gain Control 460AFt: Adjust for experiment require- 
ments. 
5, Amplification 460BR: Linear. 
E'. Dual Beam Oscilloscope (Tektronix Type 555) 
1. BNC cable, Channel A input of type 53/54C plug-in 
unit to R.F.  pulse input jack electronics chassis. 
2. BNC cable, Channel B input of type 53/54C plug-in 
unit to video output jack electronics chassis, 
3 .  Scope probe, input of Type L plug-in unit to 93 
ohm attenuator load on PG 540-C pulsed oscillator, 
4. BNC cable, trigger input on type 21 time-base unit 
to trigger output jack at rear of electronics chassis.. 
5. BNC cable, trigger input on type 22 time-base unit 
to trigger jack of PG 650-C pulsed oscillator. 
6. Horizontal Display Beam 1: Time-Base A X 1. 
Horizontal Display Beam 2: Time-Base B X 1. 
7, Control Settings of Type 53/54C plug-in unit: 
a. Mode: Alternate 
b. Channel A volts/cm: 2 yolts/cm 
c. Channel A: a-c coupling 
d, Channel A polarity: normal 
e. Channel B volts/cm: 10 volts/cm 
f. Channel B: a-c coupling 
g. Channel B polarity: normal 
.I 8 .  
9, 
10.  
-~ ~- 
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Control Set t ings of Type L plug-in uni t :  
a. A-C coupling 
b. V o l t s / c m :  .05 volts/cm 
Control Set t ings of Time-Base A: 
1. Trigger ;source: ex terna l  
2. Trigger coupling: a-c 
3. Trigger slope: negative 
4. Trigger level :  negative 
5 .  Sweep function: normal 
6 .  Time/cm: 20 vsec/cm 
Control Set t ings of Time-Base B: Xaentical t o  the  
s e t t i n g s  for Time-Base  A. 
G. Mid-amplifier Attenuator 
I. BNC cable from input  jack to output jack of Band 
Pass Filter. 
Adjust control as required by t h e  experiment. 2. 
H, Band-Pass F i l t e r .  
1. BNC cable  from input  jack to  output jack AH-203 in- 
put  amplifier.  
S e t  frequency as required by the  experiment# 2. 
I. Input Amplifier (Electro-Internat ional  AW-203) 
1. BEjC cable from input  jack t o  72 ohm t o  50 ohm adapter  
on output  of input  attenuator.. 
2. Control Set t ings 
a, Low Frequency cutoff  25 K c  
b. 
c ,  Gain: f u l l y  clockwise 
Attenuation: as required by the experiment 
J. Input Attenuator 
1. 72 ohm t o  SO ohm adapter  connected on output  of 
a t tenuator  . 
' .  
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2. BNC cable from receiving transducer to input of 
attenuator. 
Adjust attenuation a@ required by experiment. 3. 
K. lPragsducer Compensator 
1. Connect the r.f. output of the pulsed oscillator 
through a T-Connector on the transducer compensator 
to the transmitting transducer BNC cable. 
Set compensator to obtain maximum acoustic pulse 
return with desired pulse waveform. 
2. 
L. Electronics 
1. Relay D switch: De-energized. 
2. Hi-Lo Switch: Hi position for frequencies above 1.2 
Mc; Lo position for frequencies below 1.2 Mc. 
3. Video Gain: Log position. 
4. Transducer carriage should be fully eastward when 
electronics power is first applied. 
M. Brake Power Supply 
1. 
2. 
Cable with banana plugs to output of power supply. 
Adjust voltage control for 4.0 amperes of braking cur- 
rent per motor when motors are at res*. 
Don't apply braking current - for extended periods - of 
time . 
N. Motor Control Box 
1. 
2. 
3. 
4.  
5. 
6. For remote control of motors, all panel switches on 
8-pin Amphenol connector to electronics chassis. 
10-pin Jones plug to horizontal motor. 
10-pin Jones plug to vertical motor. 
2-pin shielded connector to brake power supply. 
8-pin Amphenol connector,to remote motor control box. 
Motor Control Box should be off. For control at the 
. 
11 . 
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Motor Control  Box, a l l  swi t ches  a t  Remote  Motor 
Control Panel should be of f .  
0. Helipot Box (See Section B3). 
P. Remote  Motor Control Panel (See Sect ion N 6 ) .  
Connections and Set t ings For Backscattering Mode. 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
K ,  
M o d e l  650-A T e s t  Oscillator (Refer t o  Section IA). 
Graphic Level Recorder 
1. BNC cable from input  t o  boxcar de tec tor  output  of 
electronics. 
2. Contro l  se t t ings :  
a. Attenuation: 0 db. 
b. Writing speed: 20 in/sec. 
c. Chart drive: as required by experiment. 
Sens i t ive  D.C. Motor (Boonton wpe 95A) 
1. Connected a t  input  of graphic level recorder,  
2. Range se t t ing :  1 v o l t  f u l l  scale. 
M o d e l  PG 650-C Pulsed Oscillator (Refer t o  Section I-D).  
Wide Band Amplifiers (HP 460AR & 460BR): Se t t ings  
Iden t i ca l  t o  Section I-E except:  
4.  Gain control 460AR: fullyclockwise 
Dual Beam Oscilloscope (Tektronix Type 5 5 5 ) :  (Refer t o  
Section I-F) . 
Mid-amplifier Attenuator (Refer t o  Sect ion I - G ) .  
Band Pass  F i l t e r  (Refer t o  Section I-H).  
Input Amplifier CElecto-International AW-203): (Refer t o  
Section i-ij . 
Input Attenuator (Refer t o  Section I-J). 
Transducer Compensator XRefer  to Sect ion I - K ) .  
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L. Elec t ronics .  
1. Relay D Switch: energized 
2. Hi-Lo Switch: H i  pos i t ion  for  frequencies above 
1 .2  M c ;  Lo pos i t ion  for frequencies below 1 . 2  M c .  
3. V i d e o  Gain: 0 db, -10 db, -20 db (as required by 
the experiment). 
4.  BNC jumper cable from video output jack to box 
car detector input  for an analog s igna l  propor- 
t i o n a l  t o  peak received pulse.  
BNC cable from video output t o  video squarer and 
in t eg ra to r  input ,  and BNC cable  from box car 
5 .  
detector input t o  video squarer and in t eg ra to r  out- 
pu t  for an analog s igna l  proport ional  t o  t h e  mean 
square of the received pulse.  
M, B r a k e  Power Supply (Refer t o  Section I-M). 
N. Motor Control Box ( R e f e r  t o  Section I-N). 
0. V i d e o  Squarer and In t eg ra to r  (See Section L-5 Above). 
P. R e m o t e  Motor Control Panel ( R e f e r  t o  Section I - N 6 ) .  
. 
6. OPERATING PROCEDURE 
I. Imaging Mode 
A. Turn R. F, output  s w i t c h  of pulse  generator on, and set 
band-pass f i l t e r  t o  appropriate  frequency. 
B. Set high voltage control  and t ransmi t te r  transducer 
Se t  pulse  length compensator t o  values i n  T a b l e  I. 
cont ro l  on pulsed o s c i l l a t o r  PG 650-C for desired length 
of output  pulse;  length of the  pulse  can be observed 
d i r e c t l y  on beam 112 of the  555 osci l loscope.  
C. The delay control  of the  PG 650-C pulsed oscillator and 
the  three receiver attenuators-input,  input  amplif ier ,  
and mid-amplifier-should be adjusted t o  give the acoust ic  
r e tu rn  echo f r o m  the  reference t a r g e t ,  usual ly  t h e  back- 
w a l l  of t h e  tank, on channel A of beam 81 of t he  555  
oscilloscope. (Throughout t h e  experiment check occasion- 
a l l y  the  input  amplif ier  and the two wide-band amplif iers  
f o r  overloading. M a x i m u m  output  of the  AW-203 input  
amplif ier  should n o t  exceed 1 .0  v o l t  peak; maximum output  
of t h e  H-P 460-BR amplif ier  should not exceed 2.0 v o l t s  
peak.) Increase the  s e t t i n g  of the output a t tenuator  on 
the  650A tes t  oscillator u n t i l  a series of l i n e s  or sinu- 
soidal pa t te rns  appear on top  of t he  video pulse  as seen 
on channel B, beam Y 1  of t h e  555 osci l loscope.  (It may 
be necessary to temporarily increase t h e  pulse  length a t  
t h i s  point ,  as well as t o  switch the  "electronics"  video 
gain cont ro l  from 'loq' pos i t i on ) .  When the  tes t  oscil- 
la tor  frequency matches the  frequency of t he  pulsed oscil- 
la tor ,  t he  l i n e s  r id ing  on the  top of t h e  video pulge w i l l  
be horizontal  and p a r a l l e l  to one another,  Upon obtaining 
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E. 
F, 
G. 
H. 
-41- 
the correct frequency, reduce the output of the test 
oscillator to zero and return both the pulsed oscilla- 
tor pulse length control and the "electronics" video 
gain control to their former settings. 
Run the transducer carriage across the target and stop 
at a point of m a x i m u m  acoustic return. 
Adjust the attenuation controls in the receiving ampli- 
fier system to obtain a video pulse of 15 voits. 
Run the transducer carriage across the target and check 
that points of minimum acoustic return produce video 
pulses of at least 5 volts. If not, adjust the receiver 
attenuation controls so that a point of minimum return 
produces a 5 volt video pulse. 
On the 503 oscilloscope, switch the trigger level to 
'autos position and the sweep time to 5 milliseconds/cm. 
With a video pulse of 5 volts applied to the CRT grid, 
' 
adjust the intensity to obtain a pattern that resembles 
a string of beads. (It should be noted at this point 
that, because of the time constant of the R-C network 
coupling the video pulse to the CRT grid, video pulses 
with lengths in excess of 10 microseconds are ineffectual 
in modulating the CRT beam.) 
setting, the r.f. input signal can be increased in steps 
As a check on the intensity 
of 6 db up to a total of 18 db by switching the mid-amp- 
lifier attenuator; this increase of signal should produce 
but little "blooming" ox defocusing of the spots. 
m u m  the scope trigger level and time/cm controls as 
well as the mid-amplifier attenuator settings back to 
the positions held prior to step G ,  
-42- 
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I. Scanning operation is now ready t o  begin. The tran8ducer 
car r iage  should be directed a t  the uppermost port ion of 
the target.  Set t h e  v e r t i c a l  car r iage  step univibrator  
scan ad jus t  control ,  located a t  t he  rear edge of the  
e lec t ronics  chassis ,  t o  give t h e  desired vertical  scan 
in te rva l .  The vertical cont ro l  switch on the motor control  
box should be set to  "down" posi t ion.  
J. Begin operat ion by opening camera shut te r .  Cycle the  
horizontal  carriage from east t o  w e s t ,  w e s t  t o  east, etc., 
s t a r t i n g  f r o m  the easternmost posi t ion.  Continue this 
horizontal  cycling u n t i l  t h e  desired count is  reached on 
the v e r t i c a l  posi t ion indicator .  
K. Open shu t t e r  and develop picture .  
11. Backscattering Mode. 
A. Refer t o  s t e p  A f o r  imaging m o d e  
B. R e f e r  t o  s tep B fo r  imaging mode 
C. The delay control  of t h e  PG 650-C pulsed o s c i l l a t o r  and 
t h e  three receiver  attenuators-input,  input  amplif ier ,  
and mid-amplifier-should be adjusted t o  give,  on channel 
A of beam I1 of t h e  555 osci l loscope,  an acoust ic  r e tu rn  
echo f r o m  a plane target such as the  back w a l l  of the 
ta rge t .  (Throughout the experiment a l l  amplif iers  should 
be held within t h e i r  l i n e a r  range of operation. At no 
time should t h e  output of the  AW-202 input  amplif ier  
exceed 1.0 v o l t  peak, t h e  output of t he  W-P 460BR amplif ier  
exceed 2.0 v o l t s  peak, o r  t h e  video pulse  exceed 40 v o l t s  
w i t h  0 db video gain.) Increase t h e  s e t t i n g  of the out-  
put  a t tenuator  on the  650A test oscil lator u n t i l  a series 
of l i n e s  or s inusoidal  pa t te rns  appears on top of the 
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I video pulse  displayed on channel B, beam %1, of the  555 
oscil loscope. (It may be necessary t o  temporarily in- I 
I 
crease t h e  pulse  length a t  t h i s  point.)  When the  test 
o s c i l l a t o r  frequency matches t h e  frequency of the pulsed 
o s c i l l a t o r ,  t he  l i n e s  r id ing  on top  of the  video pulse  
w i l l  be horizontal  and p a r a l l e l  to  one another. U p o n  I 
I obtaining the  correct frequency, reduce the  output  of 
t h e  test o s c i l l a t o r  t o  zero and r e tu rn  the  pulsed osc i l -  
l a tor  pulse length cont ro l  t o  i ts  former se t t i ng .  Under 
no circumstances should t h e  pulse  length o r  t h e  s e t t i n g  
of t he  high voltage cont ro l  on t h e  pulsed oscil lator be 
I 
altered during a series of measurements a t  t h e  p a t t i c u l a r  I 
frequency j u s t  set. An occasional recheck of t h e  f re -  I 
quency should be made every two o r  three hours of opera- 
t i on .  
D. Check the  physical alignment of t h e  transducers by direct- 
I ing  the transducer beam perpendicularly t o  a plane sur- l 
face, such as the  back w a l l  of t h e  tank. Adjust t h e  three I 
adjustment screws on each transducer mount f o r  a maximum 
re tu rn  echo a t  the d i s t ance  I'd" a t  which the  backscat ter ing 
measurements w i l l  be made, t he  distance "d" being measured 
always f r o m  t he  f ron t  face of t h e  transducers t o  the  tar- 
g e t  surface.  The occurence of maximum re tu rn  echo is best 
observed as a maximum reading on the  Boonton Type 95A 
sens i t i ve  doc .  voltmeter. 
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angles of incidence, a table of relative beam r e tu rn  
a t tenuat ion  factors vs. d i s t ance  to t a r g e t  must beexper i -  
mentally determined a t  t h i s  t i m e  for t h e  p a r t i c u l a r  
frequency and t r ansduce r s ,  
measurements are made a t  a dis tance "d" from the  t a r g e t ,  
When the  backscat ter ing 
then as the angle of incidence 8 changes the dis tance t o  
the  t a r g e t  w i l l  be given by d/cosO, 
face such as the  back w a l l  of t he  tank as a t a r g e t ,  
measure the r e t u r n  on the  d-c m e t e r  a t  target dis tances  
d/cosQ for a l l  8 employed a t  t h i s  frequency; convert  
these re turns  t o  relative beam at tenuat ion f ac to r s  by 
dividing them by the re turn  f o r  the  dis tance "d" a t  Oo 
Using a plane s u r -  
incidence. 
A l l  backscattering r e tu rn  data should be measured relative F. 
t o  the re tu rn  from a per fec t ly  r e f l ec t ing  plane surface 
such as the  air-water i n t e r f ace  a t  t he  w a t e r  surface. 
The transducer swivel head is now rotated 90° so t h e  
acoust ic  beam is normal t o  the  air-water in t e r f ace ;  the 
f r o n t  f ace  of t h e  t ransducers  should be a t  a dis tance 
"d" (as defined i n  Sec t ion  D) from the  air-water in t e r -  
face. Allow several  minutes f o r  the  water surface t o  
re turn  t o  an undisturbed state, then ad jus t  t he  three 
receiver  a t tenuators  f o r  a def lec t ion  of 0.5V-0.6V on 
the  graphic l e v e l  recorder, taking care t h a t  none of t h e  
amplif iers  are overloaded. (See Sect ion C ) .  Record the 
s e t t i n g s  of the  t h r e e  receiver a t tenuators  and the  de- 
f l e c t i o n  of the graphic l e v e l  recorder. N o t e  the posi- 
t i o n  of the video gain control; t h i s  control  should not 
be disturbed during t h e  series of measurements taken a t  
t h i s  p a r t i c u l a r  frequency. 
graphic l e v e l  recorder and t h e  s e n s i t i v e  d-c voltmeter 
are properly zeroed; t h i s  should be checked f r o m  t i m e  t o  
Be c e r t a i n  t h a t  both t h e  
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time by switching the band-pass filter to the off posi- 
tion and observing whether the deflections of the two 
instruments fall to zero. If there is a residual de- 
flection, re-adjust the zero-adjust control on the 
electronics chassis. 
Rotate the transducer swivel head to the angle of inci- 
dence 8 desired for the measurement, and position the 
transducer carriage so the front face of the transducer 
is at the required distance from the target. 
target once to obtain a setting of the three receiver 
attenuators that gives an average deflection of 0.2V- 
0.3V on the graphic level recorder and permits no off 
scale recorder deflections during the scan. Record the 
new settings of the three receiver attenuators and make 
the recording of the backscattering data by turning on 
the chart speed drive switch. For horizontal scanning 
a chart speed of 300 div/min is satisfactory; for vertical 
scanning chart speeds of 30 div/min for low speed scan 
and 100 div/min for high speed scan are satisfactory. 
Repeat step G for all angles of incidence 8 required at 
this frequency. 
repeat all steps starting at step A. 
If the video squarer and integrator circuit is used to 
obtain output voltages proportional to the mean square of 
the received signal, the video pulse driving this circuit 
siiouid not  exceed 25 voits .  
G. 
Scan the 
H. 
For measurements at other frequendies 
I. 
J. In calculating the appropriate scale factos to be used on 
each record taken of backscattering data, the recorder 
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at tenuat ion se t t i ngs  should be converted t o  ac tua l  a t ten-  
uafzion values as given i n  Table 1- Let A, be t he  reading 
i n  chart divis ions of the  r e tu rn  f o r  normal incidence from 
the  air-water interface.  L e t  Go be the  ac tua l  a t tenuat ion 
value i n  db within the  receiving amplif ier  system for normal 
incidence from the air-water in te r face .  L e t  G ' ( 8 )  be the 
ac tua l  a t tenuat ion value i n  db f o r  the re turn  at an angle 
of incidence 9 from the  t a rge t ,  L e t  DG be defined as 
DG = Go - G ( 8 ) .  
Then the vol tage gain r a t i o  K ( 0 )  is  given by 
K ( 0 )  = log$6(DG/2O) 
o r  the  power ga in  r a t i o  K' (e) is given by 
K/ (e) = lOg;~(DG/10) 
L e t  T (8 )  be t h e  relative beam re tu rn  at tenuat ion f a c t o r  as 
determined i n  s t e p  E. I f  t h e  backscat ter ing r e s u l t s  are 
being recorded i n  terms of the  peak value of the  received 
acoust ic  pulse  (direct connection between video output  and 
boxcar de tec tor  input of e l ec t ron ic s ) ,  then A ( 8 ) ,  - the  
chart scale fac tor  i n  chart d iv is ions  f o r  uni ty  r e f l e c t i o n  
coef f ic ien t ,  R ,  w i l l  be: 
A ( 0 )  = A#(@) T ( 8 ) .  
I f  t he  backscat ter ing r e s u l t s  are being recorded i n  terms 
of the  mean-squared value of the  received acoust ic  pulse  
(video pulse  fed to  video squarer and in tegra tor  and 
thence t o  input  of boxcar de tec tor )  , then A " ( 0 ) ,  t h e  cha r t  
- 1 - 7 ,  &=.-4-.." abaAG ALCI'CILVA in chart divisions for  Linity -;alas of the 
square of t he  r e f l ec t ion  coe f f i c i en t ,  R2, w i l l  be 
' *  
. * 7,  CONCLUDING REMARKS 
The acoustic simulator has been used to perform numerous 
experiments resulting in much useful information on backscat- 
tering and imaging problems, However, many aspects of its 
performance need to be improved, and certain additional capa- 
bilities as discussed below need to be incorporated, 
Imaging Mode: - A series of runs at 0.8 Mc, 1.2. Mc and 
1.6 Mc have been carried out in the simulation of multi-fre- 
quency radar, and the resulting slides were sent to CRES, 
University of Kansas, for use in their polychromatic projector. 
The slides suffered from two defects, First, the initial 
few sweeps at the top of the photographs were slightly dis- 
placed to the right because of irregularities in the horizontal 
carriage speed. This trouble has been eliminated by proper 
lubrication of the carriage, Second, the exposure latitude 
of the 46-L film used is not sufficient to cover the dynamic 
range of the received &goustic pulses. On the light areas 
(reflection from bare metal) the film is fully exposed, but on 
the dark areas (reflection from either crushed rock or linoleum) 
the film shows very little exposure. Consideration is now 
being given to matching the response of the video amplifier to 
that of regular 4" x 5" cut film which has a wider exposure 
latitude than Polaroid film, The use of regular film will have 
the additional advantage that the negative produced can be 
directly used in the CRES flying spot scanner without going 
through an .intermediate process of co&verting the Polaroid print 
to a larger negative with the consequent loss of detail and 
resolution. 
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Backscattering Mode: In the early experiments, the re- 
ceiver amplifiers were found to possess non-linearities. Thus, 
the gain was not oonstant but depended on the frequency, and 
also on the amplitude, of the received (echo) signal. These 
defects have now been removed. 
The warping of target back-up material (plywood) caused a 
fluctuation of the received signal, a situation now avoided by 
using stronger re-inforcements and metal-plate mountings. 
General: Tables listing the settings for the high voltage 
control on the pulsed oscillator have been completed (see Tab3e 
11). The .table will aid the acoustic simulator operator to 
obtain with reasonable accuracy the desired frequency (as 
checked with the test oscillator) and thef'optimum output pulse 
shape of the transmitter. 
Design and development of an apparatus to measure the 
velocity of propagation of acoustic waves in solids and liquids 
have been completed. The method conaists of using acoustic 
transducers to launch and receive a wave, and measuring the 
difference in times taken to travel a certain distance through 
water and through the medium in question, respectively. Know- 
ing the velocity of propagation and the material's density, 
one can calculate its acoustic impedance. 
It is felt that the existing capabilities, along with the 
modifications and improvements currently underway, make the 
acoustic simulator a versatile and useful tool for the study of 
electromagnetic as well as acoustic problems. 
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A * 
TABLE I .  RECEIVER ATTENUATOR CALIBRATION 
AW 203 ATTENUATOR POSITION INPUT 
ATTENU- 
ATOR 
POSITION 0 1 0  20 30 40 
0 0.0 10 .96  20 . 64 31.26 41.32 
1 0.96 11 . 96 21.64 32 . 26 42 . 34 
2 1.98 1 2  . 96 22 . 62 33.32 43.36 
3 3.00 1 4  . 00 23 . 68 34.34 : 44.38 
4 3.96 14.98 24 . 70 35.32 45.42 
5 4.94 15.98 25.68 36.34 46.42 
6 5.96 16.98 26 I 70 37 . 34 47.42 
7 6.98 17.98 27 I 66 38.34 48.44 
a 7 -94  19.00 28.68 39 . 38 4 9 . c  
9 8.96 2p, 02 29.71  40  - 36 50  4 6  
1 0  9.98 21.02 30.68 41.36 5 1  . 44 
11 10.96 22 . 02 31.68 42.36 52.44 
1 2  11.96 23.02 32 . 70 43 . 40 53.46 
1 3  1 2  . 98 24.04 33.70 44.42 54.48 
- ~~ ~ ~ ~~~~ 
1 4  13.98 25.04 34.72 45.42 55.44 
1 5  14.98 . 26.04 35.72 46.38 56.46 
16 16.00 27.06 36 . 74 47.38 57.46 
MID-AMPLIFIER 
ATTENUATOR 
0.0 
6 .0  
12.44 
1 7  17  . 00 28.06 37.72 48.40 58.46 
1 8  17.98 29 . 04 38 . 74 49.42 59.46 
1 9  19.00 30.06 39.74 50.42 60.48 
20 20.00 31.04 40.76 51.42 61.46 
18.42 
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i Transmit- 
Receiving j t b g  Trans-' Operating 
Transducer:ducer , Frequency 
700KC I 700XC I 720KC I I 
, 
I 
lMC 1MC lMC 
1 . 6MC 1.6MC 1 . 6MC 
J 1 
a 
Freq. ' Voltage 
Dial Control (Transducer 
Coil Setting Setting Compensator _ _ _  
#7 0.0 72 46,SLUG 
I COMPLETELY IN 
i 
#7 90.0 56 1 # 4 ,  1/8" OUT 
#9 37.0 62 : 1 4 ,  1/8" OUT 
I 
2 25MC 2.25MC 3 25MC #9 80.0 100 #3 SLUG 
COMPLETELY OUT 
1 ~- 
I 
3.5MC 3.5MC 1 811 5.5 94 ' 13 SLUG 
I 
I ' COMPLETELY buT 3 5MC 
